Complex vertebral malformation (CVM), a familial syndrome of Holstein calves, has been reported in aborted fetuses and in prematurely born, stillborn, and neonatal calves. Affected calves have anomalies in the vertebral column, including hemivertebrae, fused and misshapen vertebrae and ribs, scoliosis, and vertebral synostosis. Concurrent low body weight, symmetrical arthrogryposis, and cardiac anomalies have been documented in affected calves. The syndrome was identified and characterized in Holstein cattle in Denmark; however, a global distribution of this genetic disorder is likely based on identification of common ancestral sires widely used for artificial insemination. This is the first documented case of CVM in a Holstein calf in the USA.
. Stillborn Holstein calf with complex vertebral malformation. There is contraction and deviation of the metacarpophalangeal joints, slight rotation and deviation of the phalanges of the left hind leg, and marked shortening of the neck.
A stillborn Holstein heifer was presented to the Virginia-Maryland Regional College of Veterinary Medicine for diagnostic evaluation. Based on a known breeding date, the calf was stillborn 3 days prior to completion of its estimated gestational term. The heifer, which weighed approximately 35 kg, had a shortened neck and bilateral symmetrical flexural contraction of the metacarpophalangeal joints (approximately 90Њ). There was medial rotation of the phalanges of the forelimbs and slight rotation and medial deviation of the phalanges of the left hind limb ( Fig. 1 ). Other significant findings included a high ventricular septal defect (2.5 cm in diameter) and dextroaorta. There was diffuse pulmonary (congenital) atelectasis. Lateral and ventrodorsal radiographs of the cervical and thoracic vertebral column and lateral radiographs of both distal forelimbs were obtained. Multiple (Fig. 5 ). Based on the necropsy, radiologic findings, and examination of the pedigree, the recently documented syndrome affecting Holstein calves, CVM, was diagnosed.
A brief report on CVM in Danish Holstein calves has recently been published. 2 More complete morphologic findings (18 calves) and pedigree analyses (17 calves) from these Danish Holstein calves have also been reported. 1 The condition is a congenital, often lethal defect of Holstein calves. 1 Affected calves have vertebral column anomalies, including hemivertebrae, fused and misshapen vertebrae and ribs, scoliosis, and vertebral synostosis, that involve mainly the caudal cervical, cranial, and middle thoracic vertebrae. 1 Concurrent low body weight, symmetrical arthrogryposis, and cardiac anomalies have been documented in affected calves. 1 Because of the familial pattern associated with this syndrome, an autosomal recessive mode of inheritance is suspected. 1 Through pedigree analysis, 2 former elite US Holstein sires (A and B) have been identified as common ancestors in affected Danish calves and in this US calf (the first case in North America). 1 This is the first documented case of CVM in a Holstein calf in the USA. Other calves suspected of having CVM have been identified by diagnosticians in California (2 calves) and in a Nebraska laboratory (3 calves) (personal communication). These findings underscore the national and global distribution of this syndrome. Recently, the incidence of developmental anomalies in aborted and stillborn Holstein calves submitted for necropsy in The Netherlands has increased. 3 In most of the animals in which vertebral malformations were detected, arthrogryposis and ventricular septal defects were also seen in combination similar to that seen with CVM. 3 CVM in Holstein calves is likely a worldwide problem in Holstein cattle production and poses a diagnostic challenge to producers, practicing veterinarians, and veterinary pathologists. Unless the malformation is severe, the abnormal cervical or cranial thoracic vertebrae might be overlooked during collection of routine diag-nostic samples of stillborn and aborted fetuses. Although the neck of this affected calf was noticeably shorter than normal, radiography or longitudinal bisection of vertebrae is necessary to document the vertebral anomalies associated with CVM. All stillborn and neonatal Holstein calves should have vertebral conformation examined carefully. Abnormal vertebral conformation should be carefully examined and characterized, and affected animals should be submitted to a reference laboratory for thorough evaluation and further research.
A diagnostic test for CVM based on linked genetic markers has been developed at the Danish Institute of Agricultural Sciences, Denmark. Pending patenting of this method, the molecular basis of CVM has not been disclosed. Using this method, genotyping was performed on DNA purified from muscle tissue from this affected calf, blood from the dam, and semen from the sire. The sire and dam were identified as carriers (heterozygous) and the calf was identified as homozygous for the haplotype associated with CVM. Testing of bull A has confirmed that he is a carrier for the haplotype currently associated with CVM.
